Periampullary tumors in patients affected by Neurofibromatosis Type 1 (NF-1) are usually carcinoids or stromal tumors and, rarely, adenocarcinomas. We report a case of an adenocarcinoma of the ampulla of Vater in a 54-year-old woman with NF-1 admitted to the hospital with jaundice and undergoing pancreato-duodenectomy. Histologically, the resected specimen showed an adenocarcinoma of the ampulla as being a part of a complex atypical epithelial proliferation extended from the papilla to the mucosa of the duodenum and distal choledochus, islet-cell adenomatosis of the pancreas and multiple gastric, duodenal, jejunal stromal tumors. The ampullary and periampullary adenocarcinomas in NF-1 patients have peculiar features, suggesting a widespread predisposition to cancer development in periampullary tissues and requiring widely demolitive surgery. Moreover, they occur at a younger age than those occurring in non-NF-1 patients, may be associated with additional periampullary epithelial tumors, are often operable and may present long survival.
Neurofibromatosis Type 1 (NF-1) is an autosomally inherited neurofibromatosis occurring with an incidence of about 1 per 3000 births, equally involving males and females. The genetic basis of the disease is a mutation located on chromosome 17q11.2 (1). Although recently a wide variety of genetic mutations has been described (2) (3) (4) , no frequently recurring mutation has been identified, and diagnosis is still based on established clinical criteria (5) . The "classic triad" of symptoms is: cafè-au-lait spots (brown skin pigmentation), cutaneous neurofibromas, and neoplasms of the peripheral or central nervous system.
Malignancies are found in 3 to 15% of patients. Gastrointestinal (GI) involvement is present in about one-fourth of the cases (6) and usually occurs in three principal forms: hyperplasia of submucosal or myenteric nerve plexuses, GI stromal tumors (GISTs), and periampullary carcinoids, sometimes associated with pheochromocytoma (7) . The association with duodenal gangliocytic paraganglioma has also been described (7) . The clinical onset of these lesions, which for the most part remain asymptomatic, is generally characterized by abdominal pain, obstruction or bleeding.
This report illustrates a case of ampullary adenocarcinoma with complex pathologic features and associations observed in a patient affected by NF-1.
CASE REPORT
A 54-year-old white woman affected by NF-1 presented with a 2-week history of jaundice. Her family history included a 30-year-old son affected by NF-1, treated for IDDM at the age of 10 years, and who underwent brain surgery for nonspecified brain tumor at age 19. Laboratory data showed hyperbilirubinemia (direct bilirubin: 14.2 mg/dL). Ultrasounds, ERCP and CT scan showed a dilated common bile duct (1.7 cm) presenting hyperdensity and irregular thickening of the wall in the distal tract, microlithiasis of the gallbladder, adipose involution of the pancreas and abnormal thickening of the greater curvature of the stomach. Surgical examination revealed an ampullary tumor about 1 cm in diameter. A Whipple operation was performed, and 15 days later the patient was discharged.
A detailed, systematic pathologic analysis based on serial sections of the whole surgical specimen was performed. This study revealed an atypical epithelial proliferation that uninterruptedly extended from the papilla and the surrounding duodenal mucosa to the mucosa of the dilated choledochus up to 3 mM from the resection border. The histologic features of this diffuse proliferation showed considerable variations in contiguous areas though with merging transitions from one pattern to another. The tumor in the papilla and adjacent duodenal mucosa was a tubular adenoma with occasional papillary projections, mild dysplasia, and no evidence for stromal invasion (Fig. 1) . In the ampullary region the neoplastic proliferation became clearly atypical with the appearance of papillary adenocarcinoma and extensive infiltration of the surrounding pancreatic tissue reaching a transverse diameter of 0.9 cm. The infiltrating tumor showed pronounced anaplasia including giant cell features (Fig. 2) . The remaining portion of the choledochus showed intraductal papillary neoplasia with variable degree of dysplasia and serial foci of intraductal papillary carcinoma (Fig. 3) . The remaining part of the pancreas showed frequent duct dilatations with findings of papillary dysplasia, focal periductal and acinar fibrosis, nesidioblastosis, and microadenomatous changes of islet tissue with nodules ranging up to 2 mM in size and showing extensive ribbon histologic pattern (Fig. 4) . Immunohistochemically, these structures were mostly composed of pancreatic-polypeptide-producing cells. The surgical borders were free of tumor invasion. All lymph nodes examined (five) were tumor free.
An additional finding in the case was the occurrence of multiple GISTs of the wall of the stomach, duodenum and jejunum, ranging in diameter from 0.5 to 1.8 cm. By immunohistochemistry they consistently expressed CD 34 but were unreactive to either S100 or smooth muscle actin.
Abdominal ultrasound examination (performed 6 and 18 months after surgery) and the abdominal CT scan (performed 12 and 24 months after surgery) showed no signs of distant local recurrence. Three years after discharge the patient is doing well.
DISCUSSION
The case here described presents, in addition to the unusual association of NF-1 with a rare adenocarcinoma of the ampulla of Vater, also concomitant alterations of periampullary epithelial tissues and multiple GISTs at gastric, duodenal and jejunal level.
Although they are rarer than stromal and carcinoid tumors, GI adenocarcinomas in NF-1 patients are reported in literature, affecting the esophagus (8), stomach (9), duodenum (10), small bowel (11), colon (12), gallbladder (13), biliary tract (14) , liver (15) , and pancreas (16) . In the most extensive review (17) of tumors of the periampullary region (duodenum, ampulla of Vater, distal biliary tract, gallbladder, head of pancreas) in NF-1 patients up to now available in the literature, three cases of adenocarcinomas were reported (one of the duodenum, one of the ampulla, and one of the pancreas), in addition to 19 cases of stromal tumors and 15 cases of carcinoids.
A survey of the English literature prompted us to collect 12 NF-1 patients affected by 15 ampullary and periampullary epithelial tumors (exclusive of carcinoids) ( Table 1) . These tumors were located in the ampulla of Vater in five cases (13, 18 -20 , and the present one), in the head of the pancreas in four cases (16, (21) (22) (23) , in the duodenum in four cases (10, 19, 22, 24) , in the bile duct in one case (23) , and in the gallbladder in one case (13) . From this analysis it emerges that the association of epithelial cancers with NF-1 is equally distributed between the sexes (seven males, five females, and two of unknown sex), in accordance with the general distribution of NF-1. The most frequent symptom of onset is jaundice, present in 10 cases. The age of onset of periampullary noncarcinoid epithelial tumors in NF-1 patients is low: only four patients are older than 50 years old, and only two are older than 60, with an average of 47.1 (first tumor) (range 27 to 73). This type of age distribution differs from that observed for sporadic epithelial tumors of this region not associated with NF-1, which usually occur after 60 years of age (25) .
The case we reported differs from the previously reported cases in the complex appearance of histopathologic findings of the ampullary and periampullary region and the association with GISTs. The adenocarcinoma was part of a diffuse neoplastic growth of the whole segment from the papilla to the choledochus with varying histologic patterns at different locations: tubular adenoma of the papilla (Fig. 1) , poorly differentiated infiltrating carcinoma of the ampulla (Fig. 2) , and intraductal papillary tumor of the distal choledochus (Fig. 3) . Moreover, islet cell microadenomatosis of the pancreas was also present (Fig. 4) . The association of an adenocarcinoma of the papilla with dysplasia of the duodenum and of the terminal choledochus (24) and an adenocarcinoma of the pancreas with focal atypical proliferation of the pancreatic ducts (16) have already been described.
In three (25%) of the NF-1 patients affected with periampullary noncarcinoid epithelial tumors shown in Table 1 , the occurrence of a second tumor of epithelial origin is described at the periampullary site (synchronous in one case and 6 years and 13 years after surgery, respectively, in the other two) (13, 19, 22) . This frequency could be an underestimation if it is considered that three of the remaining nine patients in whom a single neoplasm was described died during follow-up because of tumor or surgery, and in the remaining six cases follow-up was not reported or was inadequate (less than 1 year). Such a high rate of occurrence of a second periampullary carcinoma in patients affected by NF-1 and periampullary carcinoma is unlikely to happen by chance. A more probable explanation is the predisposition of the periampullary region of these patients to develop multiple epithelial tumors, or, as this observation of ours would seem to suggest, the predisposition of the site to develop a single diffuse neoplastic growth of the epithelial tissues of the area with differing grades of progression of the disease at the different locations. This feature may be misdiagnosed as the contemporaneous presence of two different neoplasms, as possibly happened in the case of two synchronous adenocarcinomas of the pancreas and duodenum (22) . Also for the two cases in the literature (13, 19) in which two periampullary neoplasms showed up at a distance after a long disease-free interval, the second adenocarcinoma may have developed starting from a periampullary epithelial dysplasia already present but not removed at the time of initial surgery.
In this light, in the case here observed the contemporaneous presence of an insular adenomatosis of the pancreatic parenchyma seemed to us to be of particular interest. This finding lends further support to the hypothesis of a more complex predisposition of several types of tissues in this region, including duodenum, papilla, ampulla and pancreas, to tumor development.
Another aspect peculiar to our finding is the presence of GISTs. The association between NF-1 and GISTs is well recognized. GISTs are the GI tumors most frequently associated with NF-1 (7) and they are reported to present neural differentiation (previously diagnosed as neurofibromas or schwannomas) in some cases (26) , or else muscular (more rarely) (27) , or no differentiation, as in the present case. The increased occurrence of GI carcinoids, particularly of the ampulla, was also recognized some time ago in NF-1 patients (28 -31) and more recently confirmed (17, 32) . It is, however, rare to find in NF-1 patients the contemporaneous presence of GISTs and adenocarcinoma of the ampulla that we observed in this case. The frequent association of GISTs and NF-1, and the frequency with which NF-1 patients already affected by one tumor develop a second one (46% versus 4% in the general population) (23), do not seem to support a specific relationship between the development of both GISTs and the adenocarcinoma of the ampulla, but rather a chance association.
Various authors, however, have suggested the embryologic basis for all these correlations. Arnesjo (29) , who first reported a case of a multiple duodenal, jejunal and ileal neurofibromatosis in a NF-1 patient, described the presence at histopathologic examination of a mixed tumor (neurofibroma in the deeper tissues and carcinoid in the surface layers), and hypothesized the presence of a multipotential neuroectodermal potentially evolving into both endocrine and neural cell lines. The presence of an endodermal-neuroectodermal complex composed of several cell lines, including epithelial cells, ganglion cells and Schwann cells in the pancreas, small bowel and appendix was described by Von Campenhout, quoted by Klein (17) . Perrone (33) suggested that neurofibromas, paragangliomas and carcinoids may derive from this endodermal-neuroectodermal complex. Interestingly enough, in fact, in the small bowel the complex is concentrated near the papilla of Vater, the location with the highest frequency of malignancy Well-diff, well differentiated; mod-diff, moderately differentiated; poor-diff, poorly differentiated. (17) . A correlation between adenocarcinomas (exclusive of carcinoids) of the small bowel in NF-1 patients was proposed by Jones (11) , but has been disputed by Williams (34) . Kingston (19) first proposed a relation between NF-1 and carcinomas of the periampullary region. In more recent years, Klein (17) suggested that the epithelial cell component of the above-mentioned endodermal-neuroectodermal complex may also be the origin of duodenal and pancreatic adenocarcinomas reported in patients with NF-1.
On the basis of these suggestions and of our findings, a predisposition of epithelial (either endocrine or exocrine) and nonepithelial tissues of the ampullary and periampullary region, resulting in a higher risk of tumor development, may be postulated in NF-1 patients.
From the therapeutic point of view, potentially curative surgery has been possible in a high number of the cases referred to in the literature (Table  2 ). In consideration of the greater risk of neoplastic degeneration also of the non-neoplastic tissue adjacent to the known ampullary or periampullary neoplasm, a widely demolitive surgical treatment (Whipple's procedure) would seem to be the surgery of choice. If only a local resection of the tumor is performed, it is appropriate to proceed to an extensive follow-up program of the periampullary area so as to permit early diagnosis of a possible second tumor and its surgical treatment.
The inadequacy of follow-up in the reported cases does not allow for a definitive judgment on the prognosis of adenocarcinomas in NF-1. However, it is noteworthy that three patients present a disease-free survival of 22 (13) , 10 (19) , and 3 years (present case).
In conclusion, the ampullary and periampullary adenocarcinomas in NF-1 patients have peculiar features, suggesting a widespread predisposition to cancer development in periampullary tissues and requiring widely demolitive surgery. Moreover, they occur at a younger age than those occurring in non-NF-1 patients, may be associated with additional periampullary epithelial tumors, are often operable and may present long survival. 
